ABSTRACT In 1973, 502 employees in three metal industry plants, stratified by age, sex, and occupational class, were examined for physical workload by interview and observation at the workplace and for musculoskeletal disorders by questionnaire, interview, and clinical examination. Five years later, 88% of the sample were re-examined for their musculoskeletal status. The work of the blue collar groups was heavier as measured by indices of physical work load based on the observation and interview (physical strain, physical load, static phases, and stereotypy). Rheumatic symptoms, clinical findings in the musculoskeletal system, and chronic musculoskeletal diseases were more frequent in both female and male blue collar workers than in the respective white collar groups on the first occasion and the increase in morbidity during follow up was higher in the blue collar groups. At an individual level within the blue collar class, however, associations between indices of physical workload and musculoskeletal morbidity were weak or non-existent. The associations were weakened by selective movement of people with musculoskeletal disorders from heavy jobs to premature retirement or to lighter jobs. Physical strain and physical load were negatively associated with the incidence of long term musculoskeletal disorders in the female blue collar group.
Despite numerous experimental, clinical, and epidemiological studies, there exists considerable uncertainty as to the aetiological role of physical loading at work in the development of common degenerative disorders of the musculoskeletal system.
Heavy physical work and continuous or repetitive strain would seem logical sources of musculoskeletal degeneration, and several studies support that view. '6 There are, however, many problems associated with interpreting much of the gathered data, including the effects of selective turnover of workers, differentiation between disease causation and aggravation of symptoms, and difficulties in measuring both exposure and outcome.78 Some well designed studies seem to show only weak associations, if any,'F9" and considerable uncertainty prevails. '2"3 There seem to be two major difficulties in evaluating the results from many studies with respect to assessment ofexposure. Firstly, numerous studies have used broad occupational titles or job categories as indirect indices of physical workload,314 without accounting for broad aetiological determinants such as social class. ' 5 In yet other studies the information on both the loading in work and the occurrence ofmusculoskeletal Accepted 7 September 1987 symptoms comes from self reports in surveys or interviews.'" '8 This leaves open the possibility that the presence of musculoskeletal symptoms influences the respondents' judgment of their physical workloads and thus creates an artificial association.
We have tried to overcome some of these difficulties by estimating physical workloads in an industrial population, stratified by occupational class, by direct observation and interview at the workplace, and by assessing the state of the musculoskeletal system by both a questionnaire and a clinical examination. We have also tried to assess the presence of selection processes in this population. The study is longitudinal in the sense that it consists oftwo measurements in the same population, made at an interval of five years.
Study sample
The study sample was drawn from the employees of the Valmet factories in Jyvaskyla, central Finland. The factories include a variety of production branches from foundry and heavy engineering to precision Occupational class, physical workload, and musculoskeletal morbidity in the engineering industry The observations were made according to a preformed schedule of-for example, the posture of the worker's cervical and lumbar spine, the occurrence of static muscle work or stereotypic tasks, and the occurrence of heavy or forceful work phases.'9 Both observers wrote down their observations independently on precoded rating sheets and later checked the similarity of the ratings. In case of discrepancy the reasons for it were discussed by the observers, and one value agreed on. An overall index of physical strain in work was based on nine dichotomous variables: the occurrence of lifting, carrying, static phases, holding up, pressing, pushing, forceful phases, heavy phases, and stereotypic movements. The items were summed to form the ten-grade physical strain score. For the analyses in the blue collar group, the score was split into three classes (0-2, 3-4, 5-9).
Four quantitative indices ofworkload were formed. Lifted load was computed according to the formula (weight lifted x lifting height (cm) x frequency of lifting during the workday)/100. Carried load and sustained load were calculated according to the formula (weight carried/held up x duration ofeffort (sec) x frequency)/3600). Pushing was stratified by used force (slight, moderate, full). The formula for pushed load was (pushing force x duration of pushing x frequency during the workday). The indices were logarithmised, standardised, and summed to form the physical load score. The scores were put into three classes such that those with nil load formed the first class, and the other class limits were -3-27-0 359, and 0-36-3-63 for the female blue collar workers and -4 75-0J049, and 0 50-5 70 for the male group. The static phases score was a sum index of 14 variables, each scored from 0 (never) to 2 (continuously), depicting the occurrence of static muscle work in neck and shoulders, fingers, wrists, back, ankles, and in the various muscle groups of the upper arm, lower arm, hips, and thighs. The score was classified into three classes, so that, again, those with no static phases in their work formed the first class, and the two others were 1-3, 4-13 for the blue collar women, and 1-4, 5-18 for the blue collar men.
Stereotypy is a sum index based on nine items, scored as above, depicting the occurrence of stereotypic movements in fingers, wrists, elbows, shoulders, hips, knees, ankles, and cervical and lumbar spine. Here the classification for the blue collar women was no stereotypy, 1-4, 6-10, and for the men no stereotypy, 2-3, 4-9.
Reliability of the assessment ofphysical work load In a random sample of 50 subjects the deviations ofthe observers' original ratings from the final estimate were 674 calculated in the main groups of items. The mean deviation was 4-3% in the ratings of observer A and 3-9% in those of observer B.
An estimate of the test-retest reliability of the observations was obtained from a random sample of 41 subjects reobserved three to four weeks after the main observation. The reliability of primary items describing concrete and stable features of the working environment (such as the presence of seats or tables) was high (r = 0 8O0-090). Lower coefficients were obtained when items subject to more rapid change, and items that at the same time were more evaluative, were considered. The reliability coefficients of the occurrence of static muscle work, by observer, were 0-60 and 0-71 (the respective kappa-coefficients were 0 35 and 0 40).
The reliability (internal consistency) of the scores physical strain, physical load, static phases, and stereotypy was assessed by calculating Cronbach's alpha coefficients.' The alpha coefficient of the physical strain score was 0-73, of the physical load score 0-99, of static phases 0-72, and of stereotypy 0-80.
MUSCULOSKELETAL MORBIDITY
Preliminary data on the health status of the examinees were collected by a questionnaire that was mailed to the members of the sample at the end of January in both years. The questionnaire was completed in interviews in a health examination, during which the clinical status of the musculoskeletal system was also assessed. Every person in the sample participated in the health examination. The examinations took place during the spring, from February to June.
Rheumatic symptoms
In the questionnaire an inquiry was made about the occurrence and frequency of aches and pains in different parts of the body: "Have you suffered from aching, stiffness, tenderness, or pain in joints or muscles listed below and how often during the past year?" The list included the following items: shoulder, upper arm; elbow, forearm; wrist, hand, fingers; hip joint; thigh; knee; calf; ankle, foot; sole, toes; neck, cervical and occipital region; radiation ofcervical pain to the arm; thoracic region; lumbosacral region; radiation of lumbosacral pain to the leg.
Each item was scored from 0 (never) to 3 (often or continuously). The left and right side were scored separately. Three scores were constructed. The rheumatic symptoms score is the sum of all the above items.
Clinicalfindings
Two trained physiotherapists performed the clinical examination of the musculoskeletal system at both Leino, Hasan, Karppi stages of the study. Pains in the muscles and joints were assessed by palpation and restrictions in the movements of joints were measured. The normal values published by the American Association of Orthopedic Surgeons2' were used as standards. The findings were scored as follows: 0 = Symptomless I = Pain in the movement of the joint or on palpation or both 2 = The range of movement restricted by less than 25% of the normal range 3 = Restriction by 25 to 50% 4 = Restriction by more than 50% Cervical spine: 4 = Restriction by more than 60°and positive compression sign or foramen intervertebralis sign Lumbosacral spine: 4 = Pronounced inflexibility or neurological signs in the feet (positive Laseque's or Ely's test) Myalgies of the muscles in the hands and feet were scored from 0 (no) to 2 (bilaterally).
Twenty one variables, based on the examination, were summed to form the musculoskeletal findings score (80 grades).
Reliability ofthe morbidity indices There was no time trend in the means of the musculoskeletal findings score either at baseline or at follow up, when the calculations were made by two week periods for the total duration of the examinations. At baseline there were no significant differences between the physiotherapists in the mean scores, similarly calculated by two week periods, but at follow up a difference was shown. At follow up, however, the distributions of the subjects by the examiners were next to equal, so that this cannot be a source of systematic error in our analyses. Fifty four subjects at baseline and 53 at follow up went through a second examination by the same physiotherapist a few days to two weeks after the first examination. At baseline, the reliability coefficient of the musculoskeletal findings score in the total sample (n = 902) was 0 93 in the male and 0-77 in the female group, and the kappa-coefficient 0 53 in the total follow up sample (n = 748).
The five year correlations of the musculoskeletal findings score varied between 0 55 and 0 64 and that of the rheumatic symptoms score between 0 57 and 0-68 in the different occupational class and sex groups.
Chronic musculoskeletal diseases The variable chronic musculoskeletal disease was based on the questionnaire item: "Have you at present any permanent illness or impairment?" In the case of a positive response the person was asked to write down the illness(es). In the health examination interview a Occupational class, physical workload, and musculoskeletal morbidity in the engineering industry physician checked the presence of the illness, assessed its chronicity, and coded it according to a classification based on the 8th revision of the International Classification of Diseases. A dichotomous variable was formed to cover the presence or absence of one or several long term musculoskeletal diseases. The five year incidence of a chronic musculoskeletal disease was calculated in the group devoid of any such disease at baseline.
SELECTION TO LIGHTER JOBS AND PREMATURE RETIREMENT
Data on the heaviness of work histories in our sample are based on the questionnaire and interview. Eachjob from the beginning of working life was evaluated and its heaviness classified (descriptions of four grades from sedentary work to heavy physical work were given).'9 The heaviness scores (heaviness of work x time spent in it and the sum was divided by total time at work) were summed to form the index of lifetime physical strain at work. For our analysis, both the lifetime physical strain and the physical strain of 1973 were dichotomised.
Data on frequency of premature retirement by diagnostic headings are based on company records from 1961 to 1972 and are expressed as per milles of average yearly workforce.
STATISTICAL METHODS
Age adjustment of the morbidity scores was made by weighting the mean in each of three age groups (born in 1921 or earlier, between 1922 and 1933, or between 1934 and 1945) with one third. This weighting method was chosen because of the non-linearity of the age dependancy of some morbidity measures, and especially the changes in them during follow up. In testing the differences of the means in white collar and blue collar groups a two tailed t test was used.
The cross sectional and longitudinal associations of the exposure and outcome variables were assessed by counting age adjusted morbidity indices in three classes of the workload variable, and testing the difference between the means in the first and the third class with a two tailed t test. The dichotomous variables were also handled in this way and the means interpreted as proportions indicating prevalence or incidence of disease.
In analysing the selection to lighter jobs, and in studying the morbidity of those who had left salaried work during the follow up period, analysis of covariance with age (years) as covariate was used.
Results
Figure I presents the means and standard errors of the scores physical strain, physical load, static phases, and stereotypy by occupational class and sex. There were clear differences between the occupational classes in all indices of physical workload.
Figure 2(a) shows the age adjusted means of the measures of musculoskeletal morbidity, by occupational class and sex at baseline. The change in morbidity during the five year follow up is shown in fig  2(b) . Morbidity was consistently higher in the blue collar than the white collar groups.
The associations between indices of physical workload and morbidity were assessed only in the blue collar groups because of insufficient variation in the exposure variables in the other groups.
Static phases showed a clear relation with both rheumatic symptoms and musculoskeletal findings at baseline, such that the greater the static muscle work the higher the mean of the morbidity score (fig 3a) . In the baseline analyses with the physical load score as the exposure variable this pattern of positive association was seen in rheumatic symptoms in the male group and in musculoskeletal findings in the female group. Rheumatic symptoms in the female group and musculoskeletal findings in the male group were highest in the class with highest physical load.
The relation was less clear with physical strain as the exposure variable, with only the male workers showing higher morbidity in the class with highest strain at baseline.
In the longitudinal analyses with the static phases score as the exposure variable a positive association between the exposure and the increase during the five year follow up in both morbidity scores was seen in the female blue collar workers (fig 3b) . With the physical load score as the exposure, the male workers showed a similar pattern.
In the analyses with physical strain only the changes in musculoskeletal findings in the female group showed a positive association. In the remaining subanalyses in four cases of seven the increase in morbidity was highest in the class of highest work load.
The differences between the means were statistically non-significant in all analyses but one.
Stereotypy showed no association with the measures of musculoskeletal morbidity either at baseline or longitudinally.
When chronic musculoskeletal disease was used as the indicator of morbidity (fig 4) , in the female group in all analyses but one there was a negative association between workload and morbidity: three were statistically significant. Little evidence for a positive Occupational class, physical workload, and musculoskeletal morbidity in the engineering industry association was found: in the male group the incidence of disease was higher the higher physical strain, and both the prevalence and the incidence of long term disease were highest in the class with most static muscle work. These associations were not significant, however.
HEALTH SELECTION BEFORE SAMPLING We calculated the mean baseline workload scores of those subjects who had left salaried work during the five year period. This group was significantly older than the rest of the sample, most having retired. There Table 3 Premature retirement owing to musculoskeletal disorders during 1961-72 (per milles ofaverage yearly work force), and the mean physical strain andphysical load scores, by sex and occupational stratum group.bmj.com on July 7, 2017 -Published by http://oem.bmj.com/ Downloaded from Occupational class, physical workload, and musculoskeletal morbidity in the engineering industry were no significant differences between the means of any workload scores in this group and in the rest ofthe sample who were followed up, either in the 47 blue collar workers or in the 25 white collar staff. The age adjusted morbidity in this group at baseline did not differ significantly from those in the rest of the follow up sample. Neither did the changes in morbidity during the follow up period differ between the groups.
LOSS TO FOLLOW UP
Altogether, 58 workers (21 white collar, 37 blue collar) were lost to follow up. In the blue collar workers the mean physical strain, physical load, and static phases scores of those lost to follow up did not differ significantly from the mean indices in the group followed up. The mean stereotypy score of those lost to follow up was lower than that of those followed up. In the baseline morbidity scores there were no significant differences between the two groups. In the white collar staff the workload or baseline morbidity did not differ between the two groups.
Disclssion
We found a clear difference in both exposure and outcome between the white collar and blue collar groups in our sample. The work ofthe female and male blue collar workers was more strenuous and their morbidity higher than those of the respective white collar groups in all indices of musculoskeletal morbidity-frequency of symptoms, amount of clinical findings, and long term disorders. The difference in morbidity was evident both in the baseline cross sectional study and in the mean changes of morbidity scores during the five year follow up.
The association of strain at work and musculoskeletal morbidity at an individual level within the blue collar worker group was less consistent, however. On the whole, the static phases score seemed to have the most consistent positive association with musculoskeletal morbidity, whichever outcome measure was used. Also the physical load score, especially in the male group, showed a positive association with the rheumatic symptoms and the musculoskeletal findings scores but not with the chronic diseases. The association ofphysical strain with musculoskeletal symptoms and findings was less convincing, and stereotypy showed no association at all.
Interestingly, in the female blue collar workers the prevalence and incidence oflong term musculoskeletal diseases were negatively associated with physical strain and physical load. Also the prevalence in the class of nil static phases was higher than in the other classes of the variable.
METHODOLOGICAL CONSIDERATIONS
The weakness and inconsistency of observed associations between strain at work and morbidity may result from at least three possible features in our study. Firstly, this may simply reflect the inadequacy of our instruments for measuring either the physical workloads or musculoskeletal morbidity or both. Secondly, the weakness of association may result from insufficient variation in the physical loads studied, and, finally, it may truly represent the phenomena studied.
Our method of measuring ergonomically relevant workloads was based on a structured observation and interview schedule with dichotomous (presence or absence of type of load) and continuous (weight or force/duration/frequency) rating scales. Such a method seems in principle to be the best available for assessing simultaneously several ergonomically relevant aspects of a complex work performance.
We tried to enhance the reliability of the measurement by having two independent observers rate all the jobs and by combining their results, after mutual consultation, into single scores. The observations, nevertheless, were only 20 minute samples of much longer working periods in which tasks could vary with unknown frequency. The sampling period was a choice of economic and logistic necessity. The interview which was included in the assessment of physical workload probably enhanced the reliability of the method. That there was considerable variation, at least within the course of several weeks, in the ergonomic characteristics of the jobs is shown by the fact that, despite a good interobserver consistency of the observation method, its overall test-retest reliability was rather poor.
One may question the appropriateness of the physical strain score as it gives equal weight to rather different types of ergonomic drawbacks. We wanted, however, to use both a general index built simply by counting the number of drawbacks and indices of more specific types of loading.
The reliability of the indices of musculoskeletal morbidity is as satisfactory as can be expected of a standardised clinical method of questioning and examining.
Even if we cannot estimate this with precision it seems that our methods of measuring both physical working loads and musculoskeletal morbidity are adequate to show at least moderate associations between the two.
No association between the study variables would, obviously, appear if the physical workloads studied varied only within a restricted range. The jobs varied, however, from completely sedentary ones (office paper work or assembly of electric meters for example) to those involving vigorous muscle activity (such as 680 foundry work). Both the load and the strain score varied over a wide range (fig 1) . In direct measurements of oxygen consumption in this same population energy expenditure was found to vary over an almost sixfold range.22 HEALTH SELECTION Our results show that before the sampling there had been selection forces at work that would tend to dilute the associations between heavy physical work and musculoskeletal morbidity in our population. People have been moved to lighter jobs or taken premature retirement because of, among other things, musculoskeletal problems. In the analysis of the prevalence of chronic musculoskeletal disease by lifetime physical strain and physical strain in 1973, the prevalence was high in those who had always been in heavy work, and in those who had moved from heavy to lighter work. This overrepresentation ofchronically ill subjects in the latter group we take to point to a selection process transferring people from heavy work to lighter ones because of a musculoskeletal disease.
Of the processes mentioned above, selection to lighter work because of a musculoskeletal disease, as well as a disease hindering the adoption of a heavyjob, are primarily operating within the occupational classes. They may be reasons for the difference in strength of associations in the results on group level, on the one hand, and on an individual level on the other, for work changes over the white collar-blue collar boundary are few. Selection to premature retirement dilutes associations both at individual and at group level.
The negative association in the female blue collar group between the indices of physical workload and prevalence of chronic musculoskeletal disease may also be produced by health selection: chronically ill people do not enter a heavy occupation and those who contract a chronic disease must leave heavy work.
We have no satisfactory explanation for the finding that even the incidence of long term musculoskeletal disease in those who had no such disease at baseline was highest in the class of lowest physical strain and physical load. It certainly illustrates the fact that work is but one factor of many in the aetiology of musculoskeletal disorders.23 Even the lighter work, however, as measured by our indices in the female blue collar group may be strenuous in its monotony/ repetitiveness compared with the same classes in male workers. The variable chronic musculoskeletal disease also differs from the other two outcome measures used in that a subject's consciousness of her existing diagnosis, on which the variable was based, is dependent on a prior physician's consultation. The frequency of usage of health services, on. the other hand, is more frequent the higher the social strata, Leino, Hasan, Karppi which continuum exists even within the blue collar workers.
WAY OF LIFE OF THE OCCUPATIONAL CLASSES
We thus arrive at the conclusion that, if the gross nature of work performed (manual or non-manual) is accounted for, the association between physical workload and musculoskeletal morbidity is weak. Does this mean that physical labour is an insignificant source of musculoskeletal derangements? We do not think so. We believe that the main effect of physical work is apparent in the difference in morbidity between the occupational classes. The white and blue collar occupational classes in our study were exposed to quite different levels ofphysical load and strain in their work. Among a host of other factors affecting the morbidity of the blue collar workers, we believe that the higher physical working loads that they are exposed to contribute importantly to the higher prevalence and incidence of musculoskeletal disorders in this group.
The occupational classes studied here represent broad social classes in an industrial society in the beginning of the 1970s. The social class differentials in general morbidity and mortality are well known and their causes have recently been much discussed.2425 It seems obvious that no single explanation of these differentials is likely to emerge but that they are caused by differences in a whole range of factors in the living conditions, including working conditions, and health habits of the classes.
Apart from the working conditions, numerous other features in the daily life, past and present, of the occupational classes studied differ. Most of the blue collar workers in our sample have moved from the countryside to the town to become industrial workers. Their mode of leisure time. activities differs widely from and includes more physical exertion than that of the white collar group, their housing conditions are poorer, and they generally live farther from their workplace than the white collar staff, etc.26 These factors are inseparably intertwined with the physical workloads in the aetiology of musculoskeletal disorders.
